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cd a:  

syms y t  

x=dsolve('D2y+y=5*cos(t)','y(0)=0,Dy(0)=1')  

x =

-5/2*sin(t)^2*cos(t)+(5/2*sin(t)*cos(t)+5/2*t)*sin(t)+sin(t)  

a=0:pi/20:10*pi; 

c=subs(x,a);  
global m b k F r  

m=1; b=0; k=1; F=5; r=1;  

[tout,zout]=ode45('mss',[0 10*pi],[1 0]); 

type mss  

plot(a,c,'o',tout,zout(:,1)) 
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cd a:  

(a) Time to drain lakes

T1=2900/15, T2=1180/38, T3=850/68, T4=116/85, T5=393/99  

T1 =

  193.3333

T2 =

   31.0526

T3 =

   12.5000

T4 =

    1.3647

T5 =

    3.9697  

(b) Flush each lake with clean water seperately

type tank  

function xprime=tank(t,x)

global r_in c_in r_out V0

xprime=r_in*c_in-r_out*x/(V0+(r_in-r_out)*t);    

global r_in c_in r_out V0  

Lake Superior

r_in=15; c_in=0; r_out=15; V0=2900;  

[tout1, xout1]=ode45('tank',[0,650],2900);  % assuming the initial concentration is 1  
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    Estimating on graph for 50% reduction.  Estimate about 134 years.

Estimating on graph for 5% reduction.  Estimate about 582 years.
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Compare with symbol method

dsolve('Dx=-15/2900*x,x(0)=1')  

ans =

exp(-3/580*t)  

T1=solve('exp(-3/580*t)=.5','t')  

T1 =

134.00845490825609315399821014858  

T12=solve('exp(-3/580*t)=.05','t')  

T12 =

579.17490622043825873080989138756  

Values agree with estimates from graphs.

Lake Michigan

r_in=38; c_in=0; r_out=38; V0=1180;  

[tout2, xout2]=ode45('tank',[0,650],1180);  % assuming the initial concentration is 1  
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 Estimating on graph 50% reduction.  Estimate is about 22 years.
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Estimating on graph for 5% reduction.  Estimate is about 93 years.

Compare with symbolic method

dsolve('Dx=-38/1180*x,x(0)=1')  

ans =

exp(-19/590*t)  

T2=solve('exp(-19/590*t)=.5','t')  

T2 =

21.524044027914091187166681666333  

T22=solve('exp(-19/590*t)=.05','t')  

T22 =

93.025370599834457164567468943374  

Values agree with estimates from graphs.

Lake Huron

r_in=68; c_in=0; r_out=68; V0=850;  

[tout3, xout3]=ode45('tank',[0,650],850);  % assuming the initial concentration is 1  
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 Estimating on graph for 50% reduction.  Estimate is about 8.5 years.
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 Estimating on graph for 5% reduction.  Estimate is about 37.5 years.

Compare with symbolic method

dsolve('Dx=-68/850*x,x(0)=1')  

ans =

exp(-2/25*t)  

T3=solve('exp(-2/25*t)=.5','t')  

T3 =

8.6643397569993163677154015182272  

T32=solve('exp(-2/25*t)=.05','t')  

T32 =

37.446653419424887417940294701782  

Values agree with estimates from graphs.

Lake Erie

r_in=85; c_in=0; r_out=85; V0=116;  
[tout4, xout4]=ode45('tank',[0,650],116);  % assuming the initial concentration is 1  
[image: image12.png]007

0.085

008

0055

005

0.045

004

0035

0





Estimating on graph for 50% reduction.  Estimate is about 1 year.
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Estimating on graph for 5% reduction.  Estimate is about 4 years.

Compare with symbolic method

dsolve('Dx=-85/116*x,x(0)=1')  

ans =

exp(-85/116*t)  

T4=solve('exp(-85/116*t)=.5','t')  

T4 =

.94594203464651359873410501281351  

T42=solve('exp(-85/116*t)=.05','t')  

T42 =

4.0882934556736818263351286450886  

Values agree with estimates from graphs.

Lake Ontario

r_in=99; c_in=0; r_out=99; V0=393;  
[tout5, xout5]=ode45('tank',[0,650],393);  % assuming the initial concentration is 1  
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Estimating on graph for 50% reduction.  Estimate is about 2.5 years.
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Estimating on graph for 5% reduction.  Estimate is about 12 years.

Compare with symbolic method

dsolve('Dx=-99/393*x,x(0)=1')  

ans =

exp(-33/131*t)  

T5=solve('exp(-33/131*t)=.5','t')  

T5 =

2.7515842622228131979896184215461  

T52=solve('exp(-33/131*t)=.05','t')  

T52 =

11.892149328350691519394372378020  

Values agree with estimates from graphs.

(c) Multi-tank system

cd a:  

type lakes  

function zprime=lakes(t,z)

A=[-15/2900 0 0 0 0

   0 -38/1180 0 0 0

   15/850 38/850 -68/850 0 0

   0 0 68/116 -85/116 0

   0 0 0 85/393 -99/393];

zprime=A*z;  

 [tout,zout]=ode45('lakes',[0,900],[2900,1180,850,116,393]);  

plot(tout,[zout(:,1)/2900,zout(:,2)/1180,zout(:,3)/850,zout(:,4)/116,zout(:,5)/393]),grid  
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From the graph, we can see that Lake Erie will take the longest amount of time to rid its waters of the pollution.  Lakes Ontrio, Huron and Superior will take less time. Lake Michigan will take the least amount of time. From the graph we can estimate the time for each of the lakes to reach 50% and 5% of their original pollution levels. Lake Erie will take about 400 years for 50% and about 800 years for 5%. Lakes Ontario, Huron, and Superior will take about 200 years for 50% and about 500 years for 5%. Lake Michigan will take about 20 years for 50% and about 100 years for 5%.

